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Objective: To present molecular cytogenetic characterization of an inverted duplication of proximal
chromosome 15 [inv dup(15)] presenting as a small supernumerary marker chromosome (sSMC) asso-
ciated with the inv dup(15) syndrome.
Case Report: A 35-year-old woman underwent amniocentesis because of advanced maternal age at
27 weeks of gestation, which revealed an sSMC that was conﬁrmed by ﬂuorescence in situ hybridization
(FISH) to be derived from chromosome 15. Prenatal ultrasound ﬁndings were unremarkable. A 3434-g
male baby was delivered at term with no phenotypic abnormalities. The cord blood analysis revealed
a bisatellited dicentric inv dup(15). When followed up at 21 years of age, the proband manifested hy-
potonia, ataxic gait, developmental delay, intellectual disability, epilepsy, poor speech, and autism
consistent with the inv dup(15) syndrome. Array comparative genomic hybridization of the peripheral
blood revealed arr 15q11.1q13.2 (20,686,219e30,390,043)  4, 15q13.2q13.3 (30,390,043e32,445,
226)  3. Conventional cytogenetic analysis of the peripheral blood revealed a karyotype of 47,XY,þinv
dup(15)(pter/q13::q13/pter). Quantitative ﬂuorescent polymerase chain reaction analysis showed a
maternal origin of the inv dup(15) chromosome. FISH analysis conﬁrmed an inv dup(15) chromosome.
Conclusion: Molecular cytogenetic techniques are useful for rapid diagnosis of an inv dup(15) chromo-
some associated with the inv dup(15) syndrome.
Copyright © 2016, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).s and Gynecology, MacKay
Road, Taipei 10449, Taiwan.
).
bstetrics & Gynecology. PublishedIntroduction
We previously reported prenatal diagnosis and molecular cy-
togenetic characterization of mosaicism for a small supernumerary
marker chromosome 15 [sSMC(15)] without phenotypic abnor-
malities [1]. In this report, we additionally present a case with an
sSMC(15) that was conﬁrmed to be the inverted duplication ofby Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND license
Figure 1. Array comparative genomic hybridization analysis of the proband's blood shows the result of arr 15q11.1q13.2 (20,686,219e30,390,043)  4, 15q13.2q13.3
(30,390,043e32,445,226)  3 with an 11.76-Mb gene dosage increase at 15q11.1eq13.3 encompassing the genes of NDN, SNRPN, UBE3A, GABRB3, CHRFAM7A, and CHRNA7. (A) and
(B) Chromosome zoom-in view.
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the inv dup(15) syndrome.Case Presentation
A 35-year-old, gravida 3, para 2, woman underwent amnio-
centesis because of advanced maternal age at 27 weeks of gesta-
tion, which revealed an sSMC that was conﬁrmed by ﬂuorescence
in situ hybridization (FISH) to be derived from chromosome 15. Her
husband was 37 years of age, and there was no family history of
congenital malformations. Prenatal ultrasound ﬁndings were un-
remarkable. A 3434-g male baby was delivered at term with no
phenotypic abnormalities. Cytogenetic analysis of cord blood
revealed a bisatellited dicentric sSMC(15), which was conﬁrmed by
FISH to be an inv dup(15). The parental karyotypes were normal.
When followed up at 21 years of age, the proband had a body
height of 161 cm, a body weight of 56 kg. He manifested the inv
dup(15) syndrome including hypotonia, ataxic gait, developmental
delay, intellectual disability, epilepsy, poor speech, and autism.
Array comparative genomic hybridization of the peripheral bloodrevealed the result of arr 15q11.1q13.2 (20,686,219e30,
390,043)  4, 15q13.2q13.3 (30,390,043e32,445,226)  3 with an
11.76-Mb gene dosage increase at 15q11.1eq13.3 encompassing 36
Online Mendelian Inheritance in Man (OMIM) genes including
NDN, SNRPN, UBE3A, GABRB3, CHRFAM7A, and CHRNA7 (Figure 1).
Conventional cytogenetic analysis revealed a karyotype of
47,XY,þinv dup(15) (pter/q13::q13/pter; Figure 2). Quantitative
ﬂuorescent polymerase chain reaction analysis using the DNAs
extracted from the proband's blood sample and the parents' blood
samples revealed a maternal origin of the inv dup(15) chromosome
(Figure 3). FISH analysis using the bacterial artiﬁcial chromosome
probes of RP11-307C10 (15q11.2; 22,973,229e23,141,039; ﬂuores-
cein isothiocyanate, green) and RP11-34H12 (15q13.2;
30,709,003e30,893,021; Texas red, red) conﬁrmed an inv dup(15)
chromosome with an order of greenerederedegreen (Figure 4).Discussion
The sSMC occurs in 0.06% of newborn babies of which the inv
dup(15) is the most common sSMC and accounts for 50% of all
Figure 2. (A) A karyotype of 47,XY,þinv dup(15)(pter/q13::q13/pter). The arrows indicate the breakpoints. (B) C banding of the metaphase cell shows a bisatellited dicentric inv
dup(15).
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an incidence of 0.24/1000 newborn babies with a sex ratio of 1:1
and an incidence of 2.63/1000 persons with congenital anomalies
[2]. The inv dup(15) syndrome, or isodicentric chromosome 15[idic(15)] syndrome or tetrasomy 15q syndrome, is caused by an
sSMC(15) involving the inverted duplication of 15q11eq13 inheri-
ted from the mother and containing the PradereWilli/Angelman
critical region (PWACR), and is characterized by muscle hypotonia,
Figure 3. Quantitative ﬂuorescent polymerase chain reaction analysis using the proband's blood and the parents' blood samples shows a maternal origin of the inv dup(15)
chromosome. The informative marker of D15S1513 (15q12) shows two different maternal alleles of 230 and 234 and one paternal allele of 242 with a maternal allele:maternal
allele:paternal allele ratio of 2:1:1 in the fetus, indicating a maternal origin of inv dup(15).
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[3,4]. The clinical phenotype of the inv dup(15) syndrome is very
similar to the features of the chromosome 15q11eq13 duplication
syndrome (OMIM: 608636), which is characterized by autism,
mental retardation, ataxia, seizures, developmental delay, and
behavior problems caused by duplication of 15q11eq13 inherited
from themother [5,6]. Inmost cases with the inv dup(15) syndrome
or the chromosome 15q11eq13 duplication syndrome, only the
maternally inherited duplication or triplication is pathogenic. It isFigure 4. Fluorescence in situ hybridization analysis using the bacterial artiﬁcial
chromosome probes of RP11-307C10 (15q11.2; 22,973,229e23,141,039; ﬂuorescein
isothiocyanate, green) and RP11-34H12 (15q13.2; 30,709,003e30,893,021; Texas red,
red) conﬁrms an inv dup(15) chromosome with an order of greenerederedegreen.likely that maternal gene dosage increase in 15q11eq13 causes
abnormal brain development and function [4,7].
The presented case had a 11.76-Mb gene dosage increase at
15q11eq13 encompassing the genes of NDN, SNRPN, UBE3A,
GABRB3, CHRFAM7A, and CHRNA7, and was associated with inv
dup(15) syndrome of hypotonia, ataxic gait, developmental delay,
intellectual disability, epilepsy, poor speech, and autism. The
chromosome 15q11eq14 region contains six clusters of chromo-
some 15 low-copy repeat duplicons referred to as BP1, BP2, BP3,
BP4, BP5, and BP6, which mediate chromosomal rearrangements
leading to translocations, deletions, duplications, triplications, and
sSMCs, and the PWACR is located between BP2 and BP3 [8e16]. The
5.9-Mb 15q proximal region between BP2 and BP3 contains PWACR
and includes the genes of MKRN3, MAGEL2, NDN, SNRPN, UBE3A,
ATP10A, GABRB3, OCA2, and HERC2. The sSMC(15) containing the
euchromatic content usually causes mental and psychomotor
retardation, whereas the sSMC(15) without euchromatic content
usually has no phenotypic effect except male infertility [17]. In
patients with sSMC(15) with triplicated 15pter/BP3 or
15pter/BP4::BP5/15pter, Kleefstra et al [16] found a high prev-
alence of autistic behavior, attention problems, aggressive behavior,
anxiety, and sleeping problems. Liehr et al [18] suggested that in
case of sSMC(15) without the involvement of PWACR, a test for
uniparental disomy 15 should be performed, because PradereWilli
syndrome andmaternal heterodisomic uniparental disomy 15 have
been noted in a case with 47,XY,þmin(15)(pter/q11.1:).
NDN (OMIM: 602117) and SNRPN (OMIM: 182279) are imprinted
genes that are expressed exclusively from the paternal allele in
human brain and tissues. Mutation or deletion of the paternal copy
of NDN and SNRPN causes PradereWilli syndrome (OMIM: 176270),
which is characterized by hypotonia, mental retardation, short
stature, hypogonadotropic hypogonadism, and small hands and
feet. UBE3A (OMIM: 601623) is the imprinted gene that is expressed
exclusively from the maternal allele in human brain and tissues.
Mutation or deletion of the maternal copy of UBE3A causes
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mental retardation, movement or balance disorder, ataxia, hypo-
tonia, epilepsy, absence of speech, excessive laughter, and unusual
faces. The chromosome 15q11eq13 duplication syndrome shows
clinical features overlapping with Angelman syndrome. GABRB3
(OMIM: 137192) is a candidate gene of autism, schizophrenia, panic
disorder, Asperger syndrome, and epilepsy [19e23]. CHRFAM7A
(OMIM: 609756) and CHRNA7 (OMIM: 118511) have been associ-
ated with schizophrenia, bipolar disorder, attention deﬁcit hyper-
activity disorder, Alzheimer's disease, autism, epilepsy, and
learning disorders [24].
In summary, we present molecular cytogenetic characterization
of an inv dup(15) chromosome associated with the inv dup(15)
syndrome, and discuss the genotypeephenotype correlation in this
case.
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